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FOAMED AQUEOUS COMPOSITION

RELATED APPLICATIONS

This is a continuation-in-part of commonly assigned U.S.
Ser. No. 14/730,269 filed Jun. 4, 2015 by Brick, Nair,
Lindner, and Pyszczek (now abandoned).

Reference is made also to the following copending and
commonly assigned patent applications:

U.S. Ser. No. 14/181,766 filed Feb. 17, 2014 by Lofttus,
Nair, and Brick, entitled “Light Blocking Articles Having
Opacitying Layers,” and published as U.S. 2015/0234098
on Aug. 20, 2015;

U.S. Ser. No. 15/144,893 filed on May 3, 2016, by Brick,
Nair, and McHugh, entitled “Foamed, Opacifying Ele-
ments,” which is a continuation-in-part of commonly
assigned U.S. Ser. No. 14/730,280, filed Jun. 4, 2015 by
Brick, Nair, Lindner, and Pyszczek (now abandoned); and

U.S. Ser. No. 15/144,911 filed on May 3, 2016, by Brick,
Nair, Lindner, and Bessey, and entitled “Method of Making
Foamed, Opacifying Elements,” which also is a continua-
tion-in-part of commonly assigned U.S. Ser. No. 14/730,
280, filed Jun. 4, 2015 by Brick, Nair, Lindner, and Pyszczek
(now abandoned);

the disclosures of all of which are incorporated herein by
reference.

FIELD OF THE INVENTION

This invention relates to a foamed aqueous composition
that comprises porous polymeric particles, a binder material,
water, an opacifying colorant, and various additives, and has
a foam density of at least 0.1 g/cm® to 0.5 g/cm®. This
invention also relates to foamed, opacifying elements
formed from this composition, and to methods for making
them that includes aerating a foamable aqueous composi-
tion, applying it to a porous substrate, drying, and densifying
the foam on the porous substrate.

BACKGROUND OF THE INVENTION

In general when light strikes a surface, some of it may be
reflected, some absorbed, some scattered, and the rest trans-
mitted. Reflection can be diffuse, such as light reflecting off
a rough surface such as a white wall, in all directions, or
specular, as in light reflecting off a mirror at a definite angle.
An opaque substance transmits almost no light, and there-
fore reflects, scatters, or absorbs all of it. Both mirrors and
carbon black are opaque. Opacity depends on the frequency
of the light being considered. “Blackout” or light blocking
materials typically refer to coated layers in articles that are
substantially impermeable to light such as visible and UV
radiation. Thus, when a blackout material such as a blackout
curtain is hung over a window, it generally blocks substan-
tially all external light from entering the room through that
window. Blackout materials are suitable as curtains for
domestic use, for institutional use in hospitals and nursing
homes, as well as for use in commercial establishments such
as hotels, movie theaters, and aircraft windows where the
option of excluding light can be desirable.

Light blocking articles such as the blackout curtains can
be comprised of a fabric (porous substrate) coated with
several layers of a foamed latex composition. There is a
desire for these curtains, in addition to blocking transmitted
light, to have a light color (hue) facing the environment
where an activity needs illumination so as to minimize the
amount of artificial lighting needed to perform the activity.

20

35

40

45

50

60

2

An example is when the function of the blackout material is
to separate two areas of activity where one or both areas can
be artificially lit at the same time. More often, the function
of a blackout curtain is to prevent sunlight from entering a
room through a building window. It can also be desirable for
the color (hue) of the back side to match the external décor
of the building.

Light colored blackout curtains can be made by coating a
fabric with light colored foams containing light scattering
pigments such as titanium dioxide or clays. However, very
thick foam coatings will be needed to create blackout
curtains through which the sun is not visible in a darkened
room using only these pigments. One method that is used to
reduce the weight of such blackout materials is to sandwich
a light-absorbing, foamed carbon black layer between two
light scattering layers.

When an electromagnetic radiation blocking coating has,
as it often does, a strongly light absorbing material contain-
ing dark-colored pigments such as carbon black, between
two reflective layers, it has at least two distinct problems.
First, such materials require three separate coating opera-
tions that reduce manufacturing productivity and increase
unit costs. Secondly, carbon black in the light absorbing
layer can be exposed to the environment by sewing or by
surface damage of the white reflective coatings for example
during laundering and the damaged area will show the
carbon black opacifying agent, which is highly objection-
able. Additionally, the stitching in the materials can generate
fugitive carbon from the light absorbing layer that can be
spread over a larger area thereby increasing the area of
objectionable shading of the light colored surface.

U.S. Pat. No. 7,754,409 (Nair et al.), U.S. Pat. No.
7,887,984 (Nair et al.), U.S. Pat. No. 8,252,414 (Putnam et
al.), and U.S. Pat. No. 8,329,783 (Nair et al.) describe porous
polymer particles that are made by a multiple emulsion
process, wherein the multiple emulsion process provides
formation of individual porous particles comprising a con-
tinuous polymer phase and multiple discrete internal pores,
and such individual porous particles are dispersed in an
external aqueous phase. The described Evaporative Limited
Coalescence (ELC) process is used to control the particle
size and distribution while a hydrocolloid is incorporated to
stabilize the inner emulsion of the multiple emulsion that
provides the pores in the porous particles.

U.S. Patent Publication 2015/0234098 (Lofttus et al.)
describes improved articles that are designed with an opaci-
fying layer that is capable of blocking predetermined elec-
tromagnetic radiation. The opacifying layer is disposed on a
substrate that can be composed of any suitable material and
a porous or non-porous underlying layer can be incorporated
between the substrate and the opacifying layer. While these
articles have numerous advantages and represent an impor-
tant advance in the art, there is a need for further improve-
ment in providing opacifying articles that are lighter in
weight; and that have improved flexibility, good “hand,”
light coloration of the surfaces facing an observer without
losing reflectivity, and light-absorptive properties; and laun-
derability, while dark opacifying agents showing through the
stitching is minimized.

SUMMARY OF THE INVENTION

An improvement in the art is provided with the present
invention that provides a foamed aqueous composition com-
prising:

(a) at least 0.05 weight % and up to and including 20
weight % of porous particles, each porous particle compris-
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ing a continuous polymeric phase and a first set of discrete
pores dispersed within the continuous polymeric phase, the
porous particles having a mode particle size of at least 2 um
and up to and including 50 pm;

(b) at least 20 weight % of a binder material;

(c) at least 0.1 weight % and up to and including 30
weight % of one or more additives selected from the group
consisting of dispersants, plasticizers, thickeners, inorganic
or organic pigments and dyes, flame retardants, biocides,
fungicides, optical brighteners, tinting colorants, metallic
flakes, and inorganic or organic fillers;

(d) water; and

(e) at least 0.001 weight % of an opacifying colorant
different from all of the one or more additives of (c¢), which
opacifying colorant absorbs predetermined electromagnetic
radiation,

all amounts being based on the total weight of the foamed
aqueous composition, and the foamed aqueous composition
having a foam density of at least 0.1 g/cm® and up to and
including 0.5 g/cm?>.

The embodiments of the present invention provide a
number of advantages. For example, the present invention
can be used to provide a foamed, opacifying element that
exhibits desirable opacification with minimal opacifying
colorant, minimizes exposure of the opacifying colorant to
the environment, eliminates sewing and surface failures in
the foamed, opacifying element, can be readily laundered,
and provides flexibility, good “hand,” drapeability, and
brighter and lighter coloration to an observer. In addition,
the foamed, opacifying element can be provided in a sim-
plified method using fewer coating operations and thus the
foamed, opacifying element has a simplified structure with
less essential layers compared to known materials such as
those described in U.S. Ser. No. 14/181,766 noted above.
Moreover, the present invention utilizes formulations that
are more compatible with known foaming (aerating), coat-
ing, and densification (“crushing”) procedures.

DETAILED DESCRIPTION OF THE
INVENTION

The following discussion is directed to various embodi-
ments of the present invention and while some embodiments
can be desirable for specific uses, the disclosed embodi-
ments should not be interpreted or otherwise considered be
limit the scope of the present invention, as claimed below. In
addition, one skilled in the art will understand that the
following disclosure has broader application than is explic-
itly described for any specific embodiment.

DEFINITIONS

As used herein to define various components of the
foamed aqueous composition and foamable aqueous com-
position, or materials used to prepare the porous particles,
unless otherwise indicated, the singular forms “a,” “an,” and
“the” are intended to include one or more of the components
(that is, including plurality referents).

Each term that is not explicitly defined in the present
application is to be understood to have a meaning that is
commonly accepted by those skilled in the art. If the
construction of a term would render it meaningless or
essentially meaningless in its context, the term definition
should be taken from a standard dictionary.

The use of numerical values in the various ranges speci-
fied herein, unless otherwise expressly indicated otherwise,
are considered to be approximations as though the minimum
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and maximum values within the stated ranges were both
preceded by the word “about.” In this manner, slight varia-
tions above and below the stated ranges can be used to
achieve substantially the same results as the values within
the ranges. In addition, the disclosure of these ranges is
intended as a continuous range including every value
between the minimum and maximum values.

Unless otherwise indicated, the terms “foamed, opacify-
ing element” and “article” are intended to refer to the same
material.

The terms “porous particle” and “porous particles” are
used herein, unless otherwise indicated, to refer to porous
polymeric materials useful in the foamed aqueous compo-
sitions essential for the present invention. The porous par-
ticles generally comprise a solid continuous polymeric phase
having an external particle surface and discrete pores dis-
persed within the continuous polymeric phase. The continu-
ous polymeric phase also can be chemically crosslinked or
elastomeric in nature, or both chemically crosslinked and
elastomeric in nature, to provide better “hand” (feel), flex-
ibility, and drapeability in the product article (foamed,
opacifying element) and to provide better durability when it
is exposed to high temperatures.

The continuous polymeric phase of the porous particles
generally has the same composition throughout that solid
phase. That is, the continuous polymeric phase is generally
uniform in composition including any additives (for
example, colorants) that can be incorporated therein. In
addition, if mixtures of polymers are used in the continuous
polymeric phase, generally those mixtures also are dispersed
uniformly throughout.

The term “porogen” refers to a pore forming agent used
to make porous particles for use in the present invention. For
example, in the practice of the present invention, a porogen
can be the aqueous phase of water-in-oil emulsions (that is
in the first emulsion), along with a pore stabilizing hydro-
colloid, or any other additive in the aqueous phase that can
modulate the porosity of the porous particles.

As used in this disclosure, the term “isolated from each
other” refers to the different (distinct) pores of the same or
different sizes that are separated from each other by the
continuous solid phase.

The terms “first discrete pore” and “second discrete pore”
refer to distinct sets of isolated pores in the porous particles.
These first and second discrete pores refer to distinct indi-
vidual pores, or in most embodiments, they refer to distinct
sets of pores. Each distinct set of pores includes a plurality
of pores, each of which pores is isolated from others pores
in the set of pores, and the pores of each set of pores are
isolated from all other pores of the other sets of pores in the
porous particle. Each set of pores can have the same average
size or both sets can have the same size. The word “discrete”
is also used to define different droplets of the first and second
aqueous phases when they are suspended in the oil (solvent)
phase (described below).

The porous particles can include “micro,” “meso,” and
“macro” discrete pores, which according to the International
Union of Pure and Applied Chemistry, are the classifications
recommended for discrete pore sizes of less than 2 nm, from
2 nm to 50 nm, and greater than 50 nm, respectively. Thus,
while the porous particles can include closed discrete pores
of all sizes and shapes (that is, closed discrete pores entirely
within the continuous polymeric phase) providing a suitable
volume in each discrete pore, macro discrete pores are
particularly useful. While there can be open macro pores on
the surface of the porous particle, such open pores are not
desirable and can be present only by accident. The size of the
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porous particle, the formulation, and manufacturing condi-
tions are the primary controlling factors for discrete pore
size. However, typically the discrete pores independently
have an average size of at least 100 nm and up to and
including 7,000 nm, or more likely at least 200 nm and up
to and including 2,000 nm. Whatever the size of the discrete
pores, they are generally distributed randomly throughout
the continuous polymeric phase. If desired, the discrete
pores can be grouped predominantly in one part (for
example, “core” or “shell”) of the porous particles.

In some embodiments, where there are different sets of
discrete pores, the discrete pores of a first set are predomi-
nantly nearer then external particle surface compared to the
discrete pores of a second set. For example, a set of smaller
discrete pores can be predominantly close to the external
particle surface compared to a set of larger discrete pores. As
used herein, the term “predominant” means that a larger
number fraction of pores of one size is found in a “shell”
area nearer the surface of the porous particle than one would
expect based on the total number fraction of the two or more
types (sizes) of pores present in the porous particle.

The porous particles used in this invention generally have
a porosity of at least 5 volume % and up to and including 70
volume %, or likely at least 20 volume % and up to and
including 60 volume %, or more typically at least 20% and
up to an including 50%, all based on the total porous particle
volume. Porosity can be measured by the mercury intrusion
technique.

“Opacity” is a measured parameter of a foamed, opaci-
fying element that characterizes the extent of transmission of
electromagnetic radiation such as visible light. A greater
opacity indicates a more efficient blocking (hiding) of pre-
determined electromagnetic radiation (described below).
For evaluating the present invention, the “opacity” of a
foamed, opacifying element is qualitatively gauged for
example, by holding a flashlight behind the foamed, opaci-
fying element (that is, shining light on the element back-
side). Thus, the ability of a foamed, opacifying element to
filter out the impinging radiation from the flashlight is
ranked by the extent to which the light is blocked by the
foamed, opacifying element. The higher the ranking, the
greater the light blocking ability exhibited by the foamed,
opacifying element.

Uses

Foamed, opacifying elements prepared using this inven-
tion can be useful as light radiation blocking materials to
provide blackout curtains, carpets, banners, and window
shades for airplanes, labels, projection screens, textile fab-
rics, and packaging materials. The foamed, opacifying ele-
ments prepared using the present invention can also exhibit
improved sound blocking properties. The term “blackout
curtain” is intended to include but not limited to, window
curtains, shades for all purposes, draperies, room dividers,
and cubicle curtains suitable for various environments and
structures. The foamed, opacifying elements of the present
invention exhibit blackout properties and can optionally
have opaque printable surfaces able to accept ink using in
screen printing, inkjet printing, or other printing processes.
Thus, one can provide opposing printable surfaces in such
materials (elements) with the same opacity as if only one
side was printed with no printed image on one side showing
through to the other side.

Foamable Aqueous Compositions

The present invention can be obtained using foamable
aqueous compositions that can be suitably aerated to provide
aqueous foamed compositions that can be used to form a
foamed, opacifying element as described below. The foam-
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6

able aqueous compositions used in the present invention
have five essential components: (a) porous particles as
described below; (b) a binder material, also described below;
(c) one or more of various additives as described below; (d)
water; and (e) an opacifying colorant different from any of
the compounds of component (¢), which opacifying colorant
absorbs “predetermined electromagnetic radiation” that is
for example, but not limited to, from UV to near-IR (for
example, from 350 nm to 800 nm, or from 350 nm to 700
nm). Optional components that are useful in some embodi-
ments are also described below.

Porous Particles:

Porous particles used in the present invention containing
discrete pores (or compartments) are used in the opacifying
layers and they are generally prepared, as described below,
using one or more water-in-oil emulsions in combination
with an aqueous suspension process, such as in the Evapo-
rative Limited Coalescence (ELC) process. The details for
the preparation of the porous particles are provided, for
example, in the U.S. Pat. No. 8,703,834 (Nair), U.S. Pat. No.
7,754,409 (Nair et al.), U.S. Pat. No. 7,887,984 (Nair et al.),
U.S. Pat. No. 8,329,783 (Nair et al.), and U.S. Pat. No.
8,252,414 (Putnam et al.), the disclosures of all of which are
incorporated herein by reference. Thus, the porous particles
are generally polymeric and organic in nature (that is, the
continuous polymeric phase is organic in nature) and non-
porous particles (having less than 5% porosity) are
excluded. Inorganic particles can be present on the outer
surface as noted below.

Thus, the porous particles are composed of a continuous
polymeric phase derived from one or more addition or
condensation polymers or by polymerization of ethyleni-
cally unsaturated polymerizable monomers or oligomers.
These materials are chosen so that the porous particles
generally have a glass transition temperature (T, ) of at least
25° C., or more typically of at least 25° C. and up to and
including 180° C., as determined by Differential Scanning
calorimetry. However elastomeric particles with T, below
25° C. can also be used in the practice of this invention
provided that they are chemically crosslinked.

In general, the porous particles used in the present inven-
tion have a mode particle size equal to or less than 50 pum,
or of at least 2 um and up to and including 50 um or typically
of at least 3 um and up to and including 40 um. Most useful
porous particles have a mode particle size of at least 3 pm
and up to and including 20 pm. Mode particle size represents
the most frequently occurring diameter for spherical par-
ticles and the most frequently occurring largest diameter for
the non-spherical particles in a particle size distribution
histogram.

Pore stabilizing materials such as hydrocolloids can be
present within at least part of the volume of the discrete
pores distributed throughout the continuous polymeric
phase, which pore stabilizing materials are described in
patents cited above. In some embodiments, the same pore
stabilizing material is incorporated throughout the entire
porous particles. In many embodiments, the pore stabilizing
hydrocolloids are selected from the group consisting of
carboxymethyl cellulose (CMC), a gelatin, a protein or
protein derivative, polyvinyl alcohol and its derivatives, a
hydrophilic synthetic polymer, and a water-soluble micro-
gel.

The porous particles used in this invention can be spheri-
cal or non-spherical depending upon the desired use. In a
method used to prepare the porous particles, additives
(shape control agents) can be incorporated into the first or
second aqueous phases, or in the oil (organic) phase to
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modify the shape, aspect ratio, or morphology of the porous
particles. The shape control agents can be added prior to or
after forming the water-in-oil-in-water emulsion. In either
case, the interface at the oil and second water phase is
modified before organic solvent is removed, resulting in a
reduction in sphericity of the porous particles. The porous
particles used in the present invention can also comprise
surface stabilizing agents, such as colloidal silica, on the
outer surface of each porous particle, in an amount of at least
0.1 weight %, based on the total dry weight of the porous
particle.

The average size of the discrete pores (or individually
isolated and closed voids or compartments) is described
above.

The porous particles can be provided as powders, or as
aqueous suspensions (including water or water with water-
miscible organic solvents such as alcohols). Such aqueous
suspensions can also include surfactants or suspending
agents to keep the porous particles suspended. The other
compositional features are described in the incorporated
description of methods for preparing the porous particles.

The details for preparing useful porous particles are
provided in U.S. Pat. No. 7,887,984 (noted above), U.S. Pat.
No. 8,252,414 (noted above), and U.S. Pat. No. 8,703,834
(noted above), U.S. Pat. No. 7,754,409 (noted above), U.S.
Pat. No. 8,329,783 (noted above), and U.S. Pat. No. 8,110,
628 (Nair et al.).

The polymers used in the oil phase of the first emulsion
used to prepare the porous particles can provide the con-
tinuous polymeric binder of the porous particles. Such
polymers include but are not limited to, homopolymers and
copolymers such as polyesters, styrenic polymers (for
example polystyrene and polychlorostyrene), mono-olefin
polymers (for example, polymers formed from one or more
of ethylene, propylene, butylene, and isoprene), vinyl ester
polymers (for example, polymer formed from one or more
of vinyl acetate, vinyl propionate, vinyl benzoate, and vinyl
butyrate), polymers formed from one or more c.-methylene
aliphatic monocarboxylic acid esters (for example, polymers
formed from one or more of methyl acrylate, ethyl acrylate,
butyl acrylate, dodecyl acrylate, octyl acrylate, phenyl acry-
late, methyl methacrylate, ethyl methacrylate, butyl meth-
acrylate, and dodecyl methacrylate), vinyl ether polymers
(such as polymers formed from one or more of vinyl methyl
ether, vinyl ethyl ether, and vinyl butyl ether), and vinyl
ketone polymers (for example, polymers formed from one or
more of vinyl methyl ketone, vinyl hexyl ketone, and vinyl
isopropenyl ketone). Particularly useful polymers include
polystyrenes (including polymers of styrene derivatives),
polyesters, styrene/alkyl acrylate copolymers, styrene/alkyl
methacrylate copolymers, styrene/acrylonitrile copolymers,
styrene/butadiene copolymers, styrene/maleic anhydride
copolymers, polyethylene resins, and polypropylene resins.
Other useful polymers include polyurethanes, urethane
acrylic copolymers, epoxy resins, silicone resins, and poly-
amide resins. Still other useful polymers are polyesters of
aromatic or aliphatic polycarboxylic acids with one or more
aliphatic diols, such as polyesters of isophthalic or
terephthalic or fumaric acid with diols such as ethylene
glycol, cyclohexane dimethanol, and bisphenol adducts of
ethylene or propylene oxides. The acid values (expressed as
milligrams of potassium hydroxide per gram of resin) of the
polyester resins are generally in the range of from 2 to 100.
The polyesters can be saturated or unsaturated. Other useful
polyesters include “biodegradable” polymers such lactide
polymers, glycolide polymers, caprolactone polymers, and
hydroxyalkanoate polymers. Such “biodegradable” poly-
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mers, for example having a molecular weight (M,,) of less
than 100,000, can be considered biologically or chemically
degradable in certain environments. Other useful polymers
include polymers derived from cellulose such as cellulose
acetate, cellulose acetate butyrate, and cellulose acetate
propionate.

The continuous polymeric phase of the porous particles
can also be derived from ethylenically unsaturated polym-
erizable monomers and polyfunctional reactive compounds
as described for example in U.S. Pat. No. 8,703,834 (noted
above).

The porous particles are generally present in the foamable
aqueous composition in an amount of at least 0.05 weight %
and up to and including 20 weight %, or typically at least 0.5
weight % and up to and including 10 weight %, based on the
total weight of the foamable aqueous composition (including
water that is present).

Binder Materials:

The foamable aqueous composition used in the present
also comprises one or more binder materials (can also be
considered a “matrix” material) to hold the porous particles,
additives, and opacifying colorants together.

It is particularly useful that the binder material have the
following properties: (a) it is water-soluble or water-dispers-
ible; (b) it is capable of forming a stable foamed aqueous
composition with the essential and optional components
described herein; (c) it is capable of being disposed onto a
suitable substrate as described below; (d) it does not inhibit
the aeration (foaming) process (described below); (e) it is
capable of being dried and where desired also crosslinked
(or cured); (f) it has good light and heat stability; (g) it is
film-forming but contributes to the flexibility of the foamed,
opacifying element and is thus not too brittle, for example
having a T, of less than 25° C.

The choice of binder material can also be used to increase
the laundering properties of the resulting foamed opacifying
compositions in the foamed, opacifying elements. In addi-
tion the binder material can be used to provide a supple feel
to touch and flexibility especially when disposed on a porous
fabric substrate that is meant for window coverings such as
draperies. Thus, the binder material is useful in the foamed,
opacifying element for binding together and adhering the
porous particles and other components onto such porous
substrate.

The binder material can include one or more organic
polymers that are film forming and that can be provided as
an emulsion, dispersion, or an aqueous solution. It can also
include polymers that are self-crosslinking of self-curable,
or it can include one or more polymers to which crosslinking
agents are added and are thus curable or capable of being
crosslinked (or cured) under appropriate conditions.

Thus, in some embodiments the binder material is cross-
linkable (or curable) in the presence of a suitable crosslink-
ing agent that can be included in the foamable aqueous
composition and which crosslinking (or curing) is activated
chemically with heat, radiation, or other known means. A
curing or crosslinking agent serves to provide improved
insolubility of the resulting dry foamed composition, cohe-
sive strength, and adhesion to the porous substrate. The
curing or crosslinking agent is a chemical having functional
groups capable of reacting with reactive sites on binder
material (such as a functionalized latex polymer) under
curing conditions to thereby produce a crosslinked structure.
Examples of suitable crosslinking agents include but are not
limited to, multi-functional aziridines, aldehydes, and epox-
ides.
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Useful binder materials include but are not limited, to
poly(vinyl alcohol), poly(vinyl pyrrolidone), ethylene oxide
polymers, polyurethanes, urethane-acrylic copolymers,
other acrylic polymers, styrene-acrylic copolymers, vinyl
polymers, styrene-butadiene copolymers, acrylonitrile copo-
lymers, and polyesters, silicone polymers or a combination
of two or more of these organic polymers. Such binder
materials are readily available from various commercial
sources or can be prepared using known starting materials
and synthetic conditions. The binder material can be anionic,
cationic or nonionic in total charge. A useful class of
film-forming binder materials includes aqueous latex poly-
mer dispersions such as acrylic latexes that can be ionic or
nonionic colloidal dispersions of acrylate polymers and
copolymers. Useful film-forming aqueous latexes include
styrene-butadiene latexes, poly(vinyl chloride) and poly
(vinylidene chloride) latexes, poly(vinyl pyridine) latexes,
poly(acrylonitrile) latexes, and latexes formed from acrylo-
nitrile, butyl acrylate, and ethyl acrylate. Examples of suit-
able commercially available binder materials include those
sold by DSM under the trade names NEOREZ® A-1150,
NEOCRYL® A-6093, by Dow under the trade name RHO-
PLEX® NW-1845K and by BASF under the tradenames
BUTOFAN® N S 144, and BUTOFAN® NS 222, by
Lubrizol under the tradenames HYSTRETCH® and
HYCAR®, and resins sold by Royal Adhesives such as
PARANOL® AC-2032.

The binder material generally has a glass transition tem-
perature that is less than 25° C., and more likely equal to or
less than 0° C. Glass transition temperature can be deter-
mined using known procedures and such values are already
known for many polymers useful in this invention. The
binder material desirably has adequate flexibility and tensile
strength in order to maintain integrity upon handling, espe-
cially for use with porous textile substrates.

The one or more binder materials can be present in the
foamable aqueous composition in an amount of at least 20
weight % and up to and including 70 weight %, or typically
at least 30 weight % and up to and including 50 weight %,
based on the total foamable aqueous composition (that is, the
total weight of all components including water).

Additives:

The foamable aqueous compositions can include at least
0.1 weight % and up to and including 30 weight % and
typically at least 10 weight % and up to and including 20
weight %, of one or more additives such as dispersants,
plasticizers, inorganic or organic pigments and dyes (for
example, pigment or dye colorants different from the opaci-
fying colorants described below), flame retardants, biocides,
fungicides, preservatives, surfactants, pH buffers, optical
brighteners, thickeners, tinting colorants, metal pigments
such as metal platelets or metal flakes, and inorganic and
organic fillers that are not any of the other materials
described as additives nor opacifying colorants described
below. These amounts refer to the total of all of these
additives in a given foamable aqueous composition (or
foamed aqueous composition described below), and are
based on the total weight of the foamable aqueous compo-
sition (including water). There can be mixtures of each type
of additive, or mixtures of two or more types of additives.

Any of these additives or mixtures thereof, can be present
within any location of the foamed aqueous composition,
including but not limited to: the continuous polymeric
phase; a volume of the first set (or other set) of discrete
pores; or both the first set (or other set) of discrete pores and
the continuous polymeric phase of the porous particles.
Alternatively, the additive(s) can be present in the binder
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material alone, or in the binder material and a suitable
location in the porous particles.

Useful metal flakes that can be present in the foamed
aqueous composition can be from any available commercial
source of metal flakes or metal platelets in dry form or in
suspension form. Such metal flakes are substantially 2-di-
mensional particles, having opposed main surfaces or faces
separated by a relatively minor thickness dimension. The
metal flakes can have a size range of at least 2 um and up to
and including 50 pm in main surface equivalent circular
diameter (ECD) wherein the ECD is the diameter of a circle
having the same area as the main face. Examples of useable
metal flakes include those available from Ciba Specialty
Chemicals (BASF) such as aluminum flakes that are avail-
able as METASHEEN 91-0410 in ethyl acetate, and gold or
copper flakes that can be obtained from various commercial
sources. Further details of useful metal flakes are provided
in Cols. 11-12 of U.S. Pat. No. 8,614,039 (Nair et al.), the
disclosure of which is incorporated herein by reference.

Useful biocides that can be present as additives include
but are not limited to, silver salts such as silver sulfate, silver
nitrate, silver chloride, silver bromide, silver iodide, silver
iodate, silver bromate, silver tungstate, and silver phosphate,
which silver salts can also be considered as antimicrobial
agents, antibacterial agents, or antifungal agents.

It can also be useful to include thickeners to modify the
viscosity of the foamable aqueous composition and to sta-
bilize it as long as the viscosity does not inhibit aeration
(described below). A skilled worker can optimize the vis-
cosity so as to obtain optimal aeration conditions and desired
foam density as described below. Thus, useful thickeners
can be utilized to control the rheology of the foamable
aqueous composition depending upon the method used to at
least partially embed it into a porous substrate as described
below. Particularly useful rheology modifiers are RHEO-
VIS® PU 1214 (BASF) and ACRYSOL® Gill (Dow
Chemical Company).

Particularly useful additives to be included in the foam-
able aqueous compositions include one or more tinting
colorants that can be used to provide a specific observable
color, coloration, or hue in the articles. These materials are
not chosen to provide the opacifying property described
below for the opacifying colorants and thus, tinting colo-
rants are intended to be different materials than the opaci-
fying colorants.

Mixtures of tinting colorants can be present in the foam-
able aqueous compositions and they can be different in
composition and amount from each other. The desired
coloration or hue can be a specific color or the tinting
colorants can be used in combination with an opacifying
colorant (as described below)) to offset or modify the
original color of the resulting foamed, opacifying element to
provide more whiteness (or brightness) in the final “color”
(or coloration). The one or more tinting colorants can be
incorporated within the porous particles (either within the
volume of discrete pores, within the continuous polymeric
phase, or in both places) or they can be incorporated into the
binder material (for example, generally uniformly dispersed
throughout). In some embodiments, one or more tinting
colorants can be incorporated as an additive within the
porous particles that also include an opacifying colorant (as
described below) or an optical brightener (as described
below). Alternatively, one or more tinting colorants can be
present within both the porous particles (in a suitable
location) and within the binder material.

In some embodiments, a first population of porous par-
ticles described herein can comprise only opacifying colo-
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rants as described below, and another population of porous
particles containing only tinting colorants can be mixed with
the first population of porous particles. The two sets of
porous particles can comprise the same or different polymers
in the continuous polymeric phase.

The one or more tinting colorants can be present in the
foamable aqueous composition in an amount of at least
0.0001 weight %, or more typically at least 0.001 weight %,
and up to and including 3 weight %, based on the total
weight of the foamable aqueous composition (including
water). Tinting colorants can be dyes or organic pigments
that are soluble or dispersible in organic solvents and
polymers that are used for making the porous particles and
can be included within the oil phase. Alternatively, they can
primarily water-soluble or water-dispersible materials and
included into an aqueous phase.

It can also be useful to include one or more optical
brighteners in the foamable aqueous compositions to
increase the whiteness (or brightness) of the final coloration.
Optical brighteners are sometimes known in the art as
“fluorescent whiteners” or “fluorescent brighteners.” In gen-
eral, such materials are organic compounds selected from
classes of known compounds such as derivatives of stilbene
and 4,4'-diaminostilbene (such as bistriazinyl derivative);
derivatives of benzene and biphenyl (such as styril deriva-
tives); pyrazolines; derivatives of bis(benzoxazole-2-yl);
coumarins; carbostyrils; naphthalimides; s-triazines; and
pyridotriazoles. Specific examples of optical brighteners can
be found in various publications including “Fluorescent
Whitening Agents,” Kirk-Othmer Encyclopedia of Chemical
Technology, Fourth Edition, volume 11, Wiley & Sons,
1994. One of more of such compounds can be present in an
amount of at least 0.001 weight % and typically at least 0.01
weight % and up to and including 2 weight %, all based on
the total weight of the foamable aqueous composition.

One or more the optical brighteners can be present in one
or more locations in the foamed aqueous composition. For
example, an optical brightener can be present in the binder
material. Alternatively, an optical brightener can be present
within: the continuous polymeric phase; a volume of the first
set (or any other set) of discrete pores; or both the first set
(or any other set) of discrete pores and the continuous
polymeric phase.

Attractive finishes can be imparted to the final foamed,
opacifying element by for example, flocking the foamed
aqueous composition that is disposed on the porous sub-
strate. Flock or very short (0.2 mm and up to several mm)
fibers can be disposed using either by electrostatic or
mechanical techniques on the surface of the foamed aqueous
composition on the porous substrate.

Water:

Water is the primary solvent used in the foamable aqueous
compositions used in the present invention. By “primary” is
meant that of the total weight of solvents, water comprises
at least 75 weight %, and more likely at least 80 weight %
and up to and including 100% of the total solvent weight.
Auxiliary solvents that can be present must not adversely
affect or harm the other components in the composition,
namely the porous particles, binder materials, additives, and
opacifying agents. Such auxiliary solvents can be water-
miscible organic solvents such as alcohols and ketones.

The solvents then, primarily water, comprise at least 30
weight % and up to and including 70 weight %, or typically
at least 40 weight % and up to and including 60 weight %,
of the total weight of the foamable aqueous composition.
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Opacifying Colorants:

The opacifying colorants used in the present invention can
be a single colorant or chosen from any suitable combination
of colorants such that the single or multiple colorants form
the “opacifying colorant” that absorbs predetermined elec-
tromagnetic radiation (defined above) to provide blackout
properties. Opacifying colorants can be soluble dyes or
pigments or combinations of each or both types of materials.

In most embodiments, the one or more opacifying colo-
rants are present within a volume of the first set (or another
set) of discrete pores within the porous particles or within
the continuous polymeric binder of the porous particles, or
within both the volume of the first set (or another set) of
discrete pores and the continuous polymeric binder of the
porous particles. This is highly advantageous as the porous
particles can be used to “encapsulate” various opacifying
colorants as well as tinting colorants and other additives so
they are kept isolated from the other components of the
foamable aqueous composition and are additionally not
exposed to the environment by sewing or surface damage of
the foamed, opacifying element. However, in some embodi-
ments, it can be useful to incorporate pacifying agents solely
or additionally within the binder material in which the
porous particles are dispersed.

As used herein, an opacifying colorant includes one or
more colorant materials that are chosen, individually or in
combination, to provide the blocking of predetermined
electromagnetic radiation (as defined above). While the
opacifying colorants can provide some coloration or desired
hue, they are not purposely chosen for this purpose and are
thus materials that are chosen to be different from the tinting
colorants described above.

Examples of opacifying colorant that can be used indi-
vidually or in combination include but are not limited to,
neutral or black pigments or dyes, carbon blacks, black iron
oxide, graphite, aniline black, anthraquinone black, and
combinations of colored pigments or dyes chosen from
cyan, magenta, yellow, green, orange, blue, red and, and
violet dyes or pigments, and infrared absorbing pigments or
dyes. The present invention is not limited to using only the
specific opacifying colorants described herein but these are
considered as representative and as suitable guidance for a
skilled worker to devise other combinations of opacifying
colorants for the desired absorption in the a predetermined
electromagnetic radiation. A carbon black is particularly
useful as an opacifying colorant, of which there are many
types available from commercial sources. Combinations of
dyes or pigments such as a combination of the subtractive
primary colored pigments (cyan, magenta, and yellow col-
ored pigments) can also be used to provide a “black™ or
visually neutral opacifying colorant.

The opacifying colorant can be generally present in the
foamable aqueous composition in an amount of at least
0.001 weight % and up to and including 0.5 weight %, or
even at least 0.003 weight % and up to and including 0.2
weight %, all based on the total weight of the foamable
aqueous composition (that is, the total weight of all com-
ponents including water). Mixtures of the noted opacifying
colorants can be used if desired and these amounts also refer
to the total amount of a mixture of opacitying colorants. For
example, as noted above, an opacifying colorant can com-
prise a combination of two or more component colorants
(such as a combination of dyes or a combination of pig-
ments) designed in hues and amounts so that the combina-
tion meets the desired properties described herein.

In some embodiments, the opacifying colorants, if in
pigment form, are generally milled to a fine particle size and
then encapsulated within the volume of the discrete pores of
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the porous particles by incorporating the milled pigment
within an aqueous phase used in making the porous par-
ticles. Alternatively, the opacifying colorant can be incor-
porated within the continuous polymeric phase of the porous
particles by incorporating the opacifying colorant in the oil
phase used in making the porous particles. Such arrange-
ments can be achieved during the manufacture of the porous
particles using the teaching provided herein and teaching
provided in references cited herein.

In some embodiments, it can be useful to incorporate or
dispose at least 95% (by weight) of the total opacifying
colorant (or combination of component colorants) within the
volume of the porous particles (either in the pores, continu-
ous polymeric phase, or both), and to incorporate the
remainder, if any, within the binder material. However, in
many embodiments, 100% of the opacifying colorant is
within the porous particles. For example, more than 50% of
the total opacifying colorant can be disposed or incorporated
within the continuous polymeric phase of the porous par-
ticles, and the remainder can be incorporated within the
volume of the discrete pores.

The opacifying colorants useful in the practice of this
invention can be incorporated into the volume of the discrete
pores of individual porous particles for example, by incor-
porating them in a first water phase to form a water-in-oil
emulsion or in the continuous polymeric phase of the
individual porous particles by incorporating them in the oil
phase. In a particular embodiment, an opacifying colorant
can be incorporated into the first aqueous phase in the form
of a milled solid particle dispersions of the opacifying
colorant. Preparation of milled solid particle dispersions can
include combining the opacifying colorant particles to be
reduced in size with a dispersant and a liquid medium such
as water or ethyl acetate (when the opacifying colorant is
incorporated in the continuous polymeric phase of the
particle) in which the porous particles are to be dispersed, in
a suitable grinding mill in which the porous particles are
reduced in size and dispersed. The dispersant, an important
ingredient in the milling, can be chosen to allow the opaci-
fying colorant particles to be milled in the liquid medium
down to a size small enough for incorporation into the
discrete pores of the porous particles. The dispersants can be
selected to obtain efficient opacifying colorant particle size
reduction during milling, provide good colloidal stability of
the opacifying colorant particles to prevent agglomeration
after milling and impart the desired properties of the final
foamed aqueous composition containing the opacifying
colorants and the porous particles containing them. Alter-
natively, the opacifying colorant also can be incorporated in
the continuous polymeric phase as a master batch of the
opacifying colorant and an appropriate resin.

Foamed Aqueous Compositions

Foamed aqueous compositions of this invention can be
prepared using the procedures wherein an inert gas (such as
air) is mechanically incorporated into the foamable compo-
sition as described below, which procedures are designed to
provide a foam density of at least 0.1 g/cm® and up to and
including 0.5 g/cm?, or more likely of at least 0.15 g/cm® and
up to and including 0.4 g/cm®. Foam density can be deter-
mined gravimetrically by weighing a known volume of the
foamed aqueous composition.

The essential and optional components of the foamed
aqueous composition of this invention are generally present
in same amounts as the foamable aqueous composition as
the foaming process does not appreciably add to or diminish
the amounts of such components.
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For example, the porous particles (as described above)
can be present in the foamed aqueous composition in an
amount of at least 0.05 weight % and up to and including 20
weight %, or typically of at least 0.5 weight % and up to and
including 10 weight %, based on the total weight of the
foamed aqueous composition.

One or more binder materials (as described above) can be
present in an amount of at least 20 weight % and up to and
including 70 weight % or typically of at least 30 weight %
and up to and including 50 weight %, based on the total
weight of the foamed aqueous composition.

One or more additives (as described above) can be present
in an amount of at least 0.1 weight % and up to and including
30 weight % or typically of at least 10 weight % and up to
and including 20 weight %, based on the total weight of the
foamed aqueous composition.

Water is also present at the predominant solvent (at least
75 weight % of total solvent weight), and all of the solvents
are present in an amount of at least 30 weight % and up to
and including 70 weight %, or typically at least 40 weight %
and up to and including 60 weight %, based on the total
weight of the foamed aqueous composition.

The opacifying colorants (as described above) are gener-
ally present in any suitable amount to provide the desired
appearance, coloration, and opacity in the resulting foamed,
opacifying element. In many embodiments, the one or more
opacifying colorants can be present in an amount of at least
0.001 weight % or at least 0.001 weight % and up to and
including 0.5 weight %, or even in an amount of least 0.003
weight % and up to and including 0.2 weight %, especially
when the opacifying colorant is a carbon black, based on the
total weight of the foamed aqueous composition.

Thus, in some embodiments, the foamed aqueous com-
position comprises at least 0.5 weight % and up to and
including 10 weight % of the porous particles (as described
above) that have a mode particle size of at least 3 um and up
to and including 30 um, the amount based on the total weight
of the foamed aqueous composition.

In addition, the discrete pores in the porous particles can
have an average pore size of at least 100 nm and up to and
including 7000 nm.

Moreover, the foamed aqueous composition can further
comprise at least 0.01 weight % of the opacifying colorant
(described above) within the porous particles. For example,
some opacifying colorant can be a carbon black and present
in an amount of at least 0.003 weight % and up to and
including 0.1 weight % based on the total weight of the
foamed aqueous composition.

Such opacitying colorant can be within: (i) the continuous
polymeric phase of the porous particles; (ii) a volume of the
first set (or additional set) of discrete pores; or (iii) both the
volume of the first set (or additional set) of discrete pores
and the continuous polymeric phase of the porous particles.

In addition, the one or more binder materials in the
foamed aqueous composition can each be curable or cross-
linkable.

In some embodiments of the foamed aqueous composi-
tion, porous particles can be used that further comprise at
least a second set of discrete pores (different from a “first”
set of discrete pores), and an opacifying colorant or a tinting
colorant can be present within: the continuous polymeric
phase, the volume of the second set of discrete pores or in
both the continuous polymeric phase and the volume of the
second set of discrete pores. First and second sets (or
additional sets) of discrete pores can be incorporated into the
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porous particles using manufacturing technology described
in several references cited above, including U.S. Pat. No.
8,110,628 (Nair et al.).

Foamed, Opacifying Elements

Foamed, opacifying elements can be prepared using
methods described below. Such articles comprise a porous
substrate and a dry foamed composition disposed essentially
on the porous substrate.

Such dry foamed compositions are derived from the
foamed aqueous composition of this invention. They com-
prise at least the following essential components (a) through
(e) and noted amounts, all of which are described in more
detail above:

The component (a) porous particles are present in an
amount of at least 0.1 weight % and up to and including 40
weight % or at least 0.5 weight % and up to and including
10 weight % of porous particles that are described in detail
above, the amounts based on the total weight of the dry
foamed composition, particularly when the porous particles
have a mode particle size of at least 2 um and up to and
including 50 um (or at least 3 pm and up to and including 40
um) and the first set of discrete pores of the porous particles
have an average pore size of at least 100 nm and up to and
including 7,000 nm.

In addition, the dry foamed composition includes the
component (b) binder material that is at least partially cured
in an amount of at least 10 weight % and up to and including
80 weight %, or at least 20 weight % and up to and including
60 weight % of one or more cured binder materials. Such at
least partially cured binder materials are derived by at least
partial curing or crosslinking (described below) of the binder
materials described above. The noted amounts are based on
the total weight of the dry foamed composition.

One or more additives as component (c¢) are present in an
amount of at least 0.2 weight % and up to and including 50
weight %, or at least 3 weight % and up to and including 45
weight %, and such additives are selected from the group
consisting of dispersants, thickeners, plasticizers, inorganic
or organic pigments and dyes, flame retardants, optical
brighteners, tinting colorants, biocides, fungicides, metal
platelets, and inorganic or organic fillers, as described above
in more detail. The amounts are based on the total weight of
the dry foamed composition.

The dry foamed composition is “substantially” dry in
nature, meaning that it comprises less than 5 weight %, or
even less than 2 weight %, of aqueous medium (including
water and any other solvents), based on the total weight of
the dry foamed composition. This amount may not include
any water that can be present in the discrete pores of the
porous particles.

The dry foamed composition can also contain at least
0.002 weight %, or even at least 0.02 weight % and up to and
including 1 weight %, of one or more opacitying colorants
(e) different from all of the (¢) additive compounds (as
described above), which opacifying colorants absorb prede-
termined electromagnetic radiation (as defined above).
Details of such opacifying colorants are described above,
and the amounts are based on the total weight of the dry
foamed composition. Such opacifying colorants can be
present within the porous particles. For example, the
foamed, opacifying element can comprise a carbon black
that is present as the opacifying colorant in an amount of at
least 0.002 weight % and up to and including 1 weight %,
based on the total weight of the dry foamed composition.

In many embodiments of the foamed, opacifying element,
the opacifying colorant (such as carbon black) can be
present within: the continuous polymeric phase of the
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porous particles; a volume of the first set (or additional set)
of discrete pores; or both the volume of the first set (or
additional set) of discrete pores and the continuous poly-
meric phase of the porous particles.

Dry porous substrates useful in the practice of the present
invention can comprise various woven and nonwoven textile
fabrics composed of nylon, polyester, cotton, glass, aramide,
rayon, polyolefin, acrylic wool, glass, felt, mixtures thereof,
or porous polymeric films [such as porous films derived
from triacetyl cellulose, polyethylene terephthalate (PET),
diacetyl cellulose, acetate butyrate cellulose, acetate propi-
onate cellulose, polyether sulfone, polyacrylic based resin,
for example, poly(methyl methacrylate), a polyurethane-
based resin, polyester, polycarbonate, aromatic polyamide,
polyolefins (for example, polyethylene and polypropylene),
polymers derived from vinyl chloride (for example, polyvi-
nyl chloride and a vinyl chloride/vinyl acetate copolymer),
polyvinyl alcohol, polysulfone, polyether, polynorbornene,
polymethylpentene, polyether ketone, (meth)acrylonitrile],
porous paper or other cellulosic materials, canvases, porous
wood, porous plaster and other porous materials that would
be apparent to one skilled in the art. The porous substrates
can vary in thickness as long as they are suitable for the
desired application. In most embodiments, the dry porous
substrate thickness is at least 50 um.

Particularly useful porous substrates comprise a porous
textile web (such as a flexible porous textile web), porous
polymer film, porous cellulosic material, porous ceramic
material, or porous glass material.

The porous substrates can be surface treated by various
processes including corona discharge, glow discharge, UV
or ozone exposure, flame, or solvent washing in order to
promote desired physical properties.

In addition, foamed opacifying elements prepared using
the present invention can be designed with single or multiple
dry foamed layers disposed on one or both planar sides of a
porous substrate as described above. For example, a single
dry foamed layer can be formed on one or both planar sides
of the porous substrate using techniques described below.

In other embodiments, a first dry foamed (interlayer) layer
can be disposed or formed on one or both planar sides of a
porous substrate, which first dry foamed layer can be formed
using a foamable aqueous composition that can be designed
according to the present invention or it is designed to be
outside the present invention. A second dry foamed (outer)
layer can then be disposed on this first dry foamed layer (on
either or both planar sides), which second dry foamed
(outer) layer can be prepared using a foamable aqueous
composition according to the present invention.

Thus, in some of such embodiments, the first dry foamed
layer can be formed on one or both planar sides of the porous
substrate using a foamable aqueous composition according
to the present invention, and the foamed opacifying element
then has two dry foamed layers that are designed to be
within the present invention (however, using the same or
different aqueous foamable compositions). In other embodi-
ments, only the second dry foamed (outer) layer is formed
according to the present invention.

Such alternative arrangements of dual dry foamed layers
can be disposed on a single planar side of the porous
substrate, or they can be disposed on both planar sides of the
porous substrate.

In all of such instances, one foamable aqueous composi-
tion can be used to form the first dry foamed layer and
another foamable aqueous composition can be used to form
the second dry foamed layer, using the procedures described
below.
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Method of Making Foamed, Opacifying Elements

The foamed, opacitying elements are prepared by firstly
providing a foamable aqueous composition as described
above.

This foamable aqueous composition is then aerated to
provide a foamed aqueous composition having a foam
density of at least 0.1 g/cm® and up to and including 0.5
g/cm®, or of at least 0.15 g/cm® and up to and including 0.4
g/cm®. This aeration procedure can be carried out using any
suitable conditions and equipment that would be readily
apparent to one skilled in the art in order to create a “foam.”
For example, aeration can be carried out by mechanically
introducing air or an inert gas (such as nitrogen or argon) in
a controlled manner. High shear mechanical aeration can be
carried out using sonication or high speed mixers, such as
those equipped with a cowles blade, or with commercially
available rotorstator mixers with interdigitated pins such as
an Oakes mixer or a Hobart mixer, by introducing air under
pressure or by drawing atmospheric air into the foamable
aqueous composition by the whipping action of the mixer.
Suitable foaming equipment can be used in a manner to
provide the desired foam density with modest experimen-
tation. It can be useful to chill or cool the foamable aqueous
composition below ambient temperature to increase its sta-
bility by increasing its viscosity, and to prevent collapse of
the foamable aqueous composition. This chilling operation
can be carried out immediately before, after, or during the
aeration procedure.

Once the foamed aqueous composition has been formed,
it can be disposed onto one or more planar surfaces of a
suitable porous substrate (described above). This procedure
can be carried out in any suitable manner that does not
undesirably diminish the foam density of the foamed aque-
ous composition. For example, a planar surface of the
porous substrate can be coated with the aqueous foamed
composition using any suitable coating equipment (floating
knife, hopper, blade, or gap). Thus, the foamed aqueous
composition of the present invention can be disposed
directly onto a planar surface of the porous substrate (“di-
rectly” means no intervening or intermediate layers), or it
can be disposed indirectly onto the porous substrate, mean-
ing that a first dry foamed layer can be present, and such first
dry foamed layer then becomes a part of the porous sub-
strate.

Once the foamed aqueous composition has been disposed
on a planar surface of the porous substrate, it is generally
dried to become “substantially” dry (to be defined in relation
to the amount of water that is present, as described above for
the dry foamed composition), and at least partially cured
[meaning the binder material(s) are at least partially cured],
simultaneously or in any order, to provide a dry foamed
composition on the porous substrate. Drying and at least
partial curing (or crosslinking) can be accomplished by any
suitable means such as by heating with warm or hot air,
microwaves, or IR irradiation at a temperature and time
sufficient for at least drying and at least partial curing (for
example, at less than 180° C.). Curing the binder materials
can be promoted by heat or radiation or other conditions to
which the binder materials are responsive for crosslinking.
In one embodiment, a suitable functionalized latex compo-
sition is used as the binder material. Upon heating, the
binder material dries, and possibly curing or crosslinking
reaction taking place between reactive side groups of suit-
able curable polymer chains. If the particular binder material
is not itself heat reactive, suitable catalysts or curing (cross-
linking) agents can be added to the foamable aqueous
composition to promote curing or crosslinking.
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The dry foamed composition on the porous substrate is
then crushed or densified on the porous substrate to form a
foamed, opacifying element. This densifying process can be
carried out in any suitable manner but it is generally carried
out by a process that provides pressure to the dry foamed
composition, for example, by passing the porous substrate
with the dry foamed composition through one or more
compression calendering, pressing, or embossing opera-
tions. For example, the coated porous substrate can be
passed through a combination of calendering and embossing
rollers to reduce the thickness of the dry foamed composi-
tion and to densify the foam on the porous substrate. The
thickness of the dry foamed composition can be reduced by
at least 20% during this operation. This process of crushing
the dry foamed composition can also be considered a
“densifying operation” as the dry foamed composition is
made denser while it is pressed together on the porous
substrate. The thickness of the dry foamed composition
before and after crushing (densifying) can be determined by
a known technique such as laser profilometry.

It is also possible to provide an embossed design on the
dry foamed composition (or layer) of the foamed, opacifying
element during the densifying operation such as for
example, by patterned embossing or calendering the dry
aqueous foamed composition (or layer), to create selected
regions of high and low opacity and thickness. The resulting
embossed design can be viewed from either side in trans-
mission.

It further possible to print images on the outer surface of
the dry foamed layer of the foamed, opacifying element or
on the backside of the porous substrate, or on both, using any
suitable printing means such as inkjet printing and flexog-
raphic printing, thereby forming printed images of text,
pictures, symbols, or other objects, or combinations thereof.

The crus